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@ Carbapenem compounds as antibiotics. 

(57) The present invention relates to carbapenems and provides a compound of the formula (I) 




(i) 



wherein : 

R 1 is 1-hydroxyethyl t 1-fluoroethyl or hydroxymethyl ; 

R 2 is hydrogen or C 1 _ 4 aikyl ; 

R 3 is hydrogen or C^alkyi ; 

P is of the formula (IA) f (IB) or (IC) 




° and in the formula (IB) the naphthyf group may be bonded to the nitrogen of the linking carbamoyl 

r% group at either ring ; 

ill 
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Z is carboxy, sulfonic acid, suffinic acid, C^alkanamidosulfonyl (-S0 2 NHCbC 1 . 3 aikyf) t benzamido- 
sulfonyl, C^alkylsulfonylcarbamoyl (-CONHS0 2 C w alkyl), ph nylsutfonylcarfoamoyi, C 1 _ 4 alkoxy 
carbamoyl, hydroxycarbamoyl, sulfbamino, M-C^alkanesulfonamido, cyanocarbamoyi, cyanosuffa- 
moyi, tetrazol-5-yl, 3-hydroxyisoxazol-4-yl and ^ydroxyisoxazoI-S-yl ; 

aod P is optionally further substituted provided that when P is of the formula (LA) or (IC), 2 is not 
carboxy ; 

or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. Processes for their 
preparation, intermediates in their preparation, their use as therapeutic agents and pharmaceutical 
compositions containing them are also described. 
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Th pres nt invention relates to carbapenems and in particular t such compounds containing a thienyl, 
phenyl r naphthyl group substituted with certain acidic groups. This invention further relates to processes for 
their preparation, to intermediates in their preparation, to their use as therapeutic agents and to pharmaceutical 
compositions containing them. The compounds of this invention are antibiotics and can be used in the treat- 
ment of any disease that is conventionally treated with antibiotics for example in the treatment of bacterial in- 
fection in mammals including humans. 

Carbapenems were first isolated from fermentation media in 1974 and were found to have broad spectrum 
antibacterial activity. Since this discovery substantial investigations have been made into new carbapenem 
derivatives and many hundreds of patents and scientific papers have been published. 

The first and so far the only, carbapenem to be commercially marketed is imipenem (N-formimidoyl thie- 
namycin). This compound has a broad spectrum of antibacterial activity. . 

The present invention probides compounds with a broad spectrum of antibacterial activity including against 
both Gram positive and negative, aerobic and anaerobic bacteria. They exhibit good stability to beta- 
lactamases. In addition representative compounds of this invention exhibit favourable pharmacokinetics. 

The carbapenem derivatives referred to herein are named in accordance with the generally accepted semi- 
systematic nomenclature: 




Accordingly the present invention probides a compound of the formula (I) 




wherein: 

R 1 is 1-hydroxyethyl, 1-fluoroethyl or hydroxymethyl; 

R 2 is hydrogen or C^alkyl; 

R 3 is hydrogen or C^afkyl; 

P is of the formula (IA), (IB) or (IC) 



(IA) (IB) (IC) 

and in the formula (lb) the naphthyl group may be bonded to the nitrogen of the linking carbamoyl group at 
either ring; 

2 is carboxy, sulfonic acid, suffinic acid, C^alkanamidosulfonyl (-S0 2 NHCOC 1 ^ s alkyl) i benzamidosulfonyl, 
C^alkylsulfonylcarbamoyl (-C0NHSO 2 C 1 ^ c alkyl) f phenylsulfonylcarbamoyl, C^alkoxy carbamoyl, hydroxy- 



BP 0 562 855 A1 



carbamoyl, sutfoamino, N-C^alkanesulf namido, cyanocarbamoyi, cyanosulfamoyi, tetrazol-5-yl, 3-hydroxyi- 
soxazol-4-yl and 3-hydroxyisoxazol-5-yi; 

and P is optionally further substituted by one or two substituents selected from halo, cyano, C^alkyl, nitro, 
hydroxy, carboxy, d^alkoxy, trifluoromethyi, C^alkoxycarbonyl, amino, C^alkylamino, di-C^alkylamino, 
sulfonic acid, C 1 ^ 4 aIkylS(0) n - (wherein n is 0-2), C^alkanoyiamino, C^alkanoylfN-C^alkylJamino, carba- 
moyl, C^alkyl carbamoyl and di-C^alkylcarbamoyl; 

provided that when P is a ring of the formula (IA) or (IC) and Z is either sulfonic acid or N-C^alkanesulfona- 
mido, the ring is not substituted by carboxy; and when P is of the formula (IA) or (IC), Z is not carboxy; 
or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 

The term aJkyi includes all straight and branched chain structures, for example, C^alkyf includes n-butyl 
and 2-methyl propyl. 

Preferably R 1 is 1-hydroxyethyl. 

R 2 is hydrogen or Chalky) for example methyl, ethyl, n-propyl, 1-methylethyl and n-butyl. 
Preferably R 2 is hydrogen or methyl. In particular R 2 is methyl. 
R 3 is hydrogen or C^alkyi for example methyl, ethyl, n-propyl, isopropyl and n-butyl. 
Preferably R 3 is hydrogen or methyl. In particular R 3 is hydrogen. 

Preferably Z is sulfonic acid, tetrazol-5-yl C^aikylsuffonylcarbamoyl, phenylsulfonylcarbamoyl or cyano- 
carbamoyi. 

Most preferably Z is sulfonic acid or tetrazol-5-yl. 
In particular Z is sulfonic acid. 

In one aspect P is of the formula (IA) or (IB) and Z and optional substituents on P are as hereinbefore de- 
fined, provided that when P is of the formula (IB), Z is not carboxy. 

In another aspect P is of the formula (lb), optional substituents on P are as hereinbefore defined and Z is 
carboxy. 

In a further aspect P is of the formula (IC) and Zand optional substituents on P are as hereinbefore defined. 
Preferably, when P is optionally substituted, the optional substituents are selected from halo, cyano, Chal- 
ky!, nitro, hydroxy, C^alkoxy, carbamoyl, amino and trifluoromethyi. 
Suitable substituents for P include, for example:- 



for halo: 


fluoro, chloro, bromo and iodo; 


for C^alkyl: 


methyl, ethyl, propyl, 1-methylethyl, butyl and 2-me- 
thyl propyl; 


for C^alkoxy: 


methoxy, ethoxy, propoxy, 1-methylethoxy, butoxy 
and 2-methyl propoxy; 


for C^alkyicarbamoyl: 


methylcarbamoyl, ehtylcarbamoyl and propyl carba- 
moyl; 


for di-C^alkylcarbamoyi: 


dimethyl carbamoyl and diethylcarbamoyl; 


for Ci^alkylamino: 


methylamino, ethyl ami no and propylamino; 


for di-C^alkylamino: 


dimethyfamino, diethylamino and methylethylamino; 


for C^alkylSfO),,-: 


methylthio, methylsulfinyl and methylsulfonyl; 


for C^alkanoylamino; 


acetamido and propionamido; 


for C^alkoxycarbonyl: 


methoxycarbonyl, ethoxycarbonyl and propoxycarbo- 
nyl; 


for C 1 ^ i alkanoy1(N-C 1 ^ 4 aIkyl)amino: 


N-methylacetamido and N-ethylacetamido. 



Th present inv ntion covers all epim ric, diastereoisomeric and tautomeric forms of the compounds of 
the formula (I) wherein the absolute stereochemistry-at the 5-position is as illustrated in formula (I). When a 
bond is repres nted as a w dge, this indicates that in three dimensions the bond would b coming forward 
out of the paper and when a bond is represented as hatched, this indicates that in three dimensions the bond 



EP 0 562 855 A1 



would beg ing back into th paper. The compounds of the formula (I) hav a number of other stereocentres, 
namely: within the group R 1 (when R 1 is 1- hydroxys thy! or 1-fluoroethyl); at the 6-position; at the 1 -position 
(when R 2 is C^alkyl); and at the 2' and 4' positions in the pyrrolidine ring: 

5 



10 




(II) 



Preferred compounds are those in which the beta-Jactam protons are in trans configuration with respect 
15 to one another. When R 1 is 1 -hydroxy ethyl or 1-fluoroethyi it is preferred that the 8-substituent has the R- 
conf iguration. Thus a preferred class of compounds is that of the formula (III): 



20 




(III) 



and pharmaceutical^ acceptable salts and in vivo hydrolysable esters thereof, wherein P, R 2 t R 3 and optional 
substituents on P are as hereinbefore defined. 

When R 2 is C 1-4 alkyl ( for example methyl, it is preferred that the compound is in the form of the 1R con- 
30 figuration. 

Preferred compounds are those in which the pyrrolidine ring has the following absolute stereochemistry 
at the 2 - and 4'- positions: 




40 



A suitable class of compounds of the present invention is that of the formula (IV): 




(IV) 



and pharmaceutical^ acceptable salts and in vivo hydrolysable esters thereof; 
wherein P, R 3 and optional substituents on P are as defined hereinbefore in formula (I). 

In an ther aspect a suitable class f compounds are-th compounds of the formula (IV) wherein R 3 is hy- 
drogen, methyl or thyl; and Z n P and optional substituents on P are as defined hereinabove in formula (I). 

A particular class of compounds f the present invention is that of th formula (IV) wherein: 
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Z is sulfonic acid; P is of the formula (IA) or (lb) and is optionally further substituted by one or two sub- 
stitu nts selected from methyl, ethyl, hydroxy, cyan , fluoro, chloro, bromo, nitro, methoxy, ethoxy, carbamoyl 
and propoxy; and R 3 is as hereinbefore defined in formula (I). 

In another aspect a suitable class of compounds is that of the compounds of the formula (IV) wherein R 3 
is hydrogen, methyl or ethyl and Z is carboxy, sulfonic acid, tetrazol-5-yl, C^alkytsutfonylcarbamoy], phenyl- 
sulfonylcarbamoyl or cyanocarbamoyl; and optional substituents on P are as hereinbefore defined. 

In yet another aspect a suitable class of compounds is that of the compounds of the formula (IV) wherein 
Z is carboxy, sulfonic acid, tetrazol-5-yi, C^alkyisulfony I carbamoyl, phenyisulfonylcarbamoyl or cyanocarba- 
moyl; and P is optionally further substituted by one or two substituents selected from methyl, ethyl, hydroxy, 
cyano, fluoro, chloro, bromo, carbamoyl, nitro, methoxy, ethoxy and propoxy; and R 3 and P are as defined 
hereinbefore in formula (I). 

A preferred class of compounds of the present invention is that of the formula (IV) wherein: 
R 3 is hydrogen; 

and Z is carboxy, sulfonic acid, tetrazol-5-yi, methylsulfonylcarbamoyl, phenyisulfonylcarbamoyl or cyanocar- 
bamoyl; and P is optionally further substituted by one or two substituents selected from methyl, hydroxy and 
methoxy. 

Another preferred class of compounds of the present invention that of the formula (IV) wherein: 
R 3 is hydrogen; 

and Z is carboxy, sulfonic acid, tetrazol-5-yl, methylsulfonylcarbamoyl, phenyisulfonylcarbamoyl or cyanocar- 
bamoyl; and P is not further substituted. 

Particular compounds of the present invention are, for example, the following compounds of the formula 

(IV): 

(1 R,5S,6S,8R,2 , S,4 , S)-2-(2-(3-sulfoph 
3-carboxylic acid; 

(1R,5S,6S,8R,2 , S,4'S)-2^2-(3-methylsulfo^ 
1 -methyl carbapenem- 3-carboxylic acid; 
(1R.5S,6S.8R^ , S,4 , S)-2-(2-(2K3-1H-tetrazol-5-yl)phenylcarbamoyl)pyrron 

methyfcarbapenem-3-carboxylic acid; 
(1 R, 5S,6S,8R f ZS,4 , S)-2-(2-(2-hydroxy^ 

carbapenem- 3-carboxylic acid; 
(1R,5S,6S,8R 9 2'S l 4'S>-2-(2-(2Hrnethoxy-5-methyl-4-sulfophenylcarban^ 

1-methylcarbapenem-3-carboxylic acid; 
(1R,5S,6S,8R,2 , S,4 , S)-2^2-(3-phenylsutfony^ 
1 -met hylcarbapenem-3-carboxylic acid; 
(1 R.SS.eS.SR^S.^S^-^^^ethylsulf^ 
1-methylcart>apenem-3-carboxylic acid; 
(1R,5S,6S,8R,2 , S,4'S)-2-(2-(2-cyanocart)amoyl-5-th^ 

methylcarbapenem-3-carboxylic acid; 
(1R,5S,6S,8R,2 , S,4 , S)-2-(2-(2-sulfo-M 
penenrv-3-carboxylic acid; 

carbapenem-3-carboxylic acid; 
(1R f 5S l 6S,8R,2'S,4'S)-2-(2^2-carboxy-3-naphth^ 
carbapenem-3-carboxylic acid; 
(1R v 5S,6S,8R,2'S,4'S)-2K2^2-suffbpheny^ 
penem-3-carboxylic acid; and 
(IR.SS.eS^R^S^'S^-P-^-hydroxy^sulfo-l-na 
methyl carbapenem- 3-carboxylic acid; 

and pharmaceutically acceptable salts and in vivo hydrolysable esters thereof. 

Suitable pharmaceutically acceptable salts include acid addition salts such as hydrochloride, hydrobro- 
mide, citrat , maJeate and salts formed with phosphoric and sulphuric acid. In another aspect suitable salts 
are base salts such as an alkali metal salt for example sodium or potassium, an alkalin earth metal salt for 
example calcium or magnesium, an organic amin salt for example triethylamine, morpholine, N-met hyl piper- 
id in e f N-ethytpip ridine, procaine, di benzyl am in , N,N-dibenzyl ethyl amine r aminoacids, for example, lysine. 

For the avoidance of doubt there may be one, two, three or four salt-forming cations dependent on the 
number of carboxylic acid functions and valency of said cations. 

Preferred pharmaceutically acceptable salts are sodium and potassium salts. However, to facilitate isola- 
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tion of the salt during preparation, more insoluble salts may be preferred. 

In vivo hydrolysable esters are th s pharmaceutical^ acceptable esters that hydrolys in the human body 
to produce the parent hydroxy or carboxy compound. Such esters can be identified by administering, eg. in- 
travenously to a test animal, the compound under test and subsequently examining the test animal's body flu- 
ids'. Suitable in vivo hydrolysable ester forming groups for hydroxy include aceteyl, propionyl, pivaloyl, C^al- 
koxycarbonyl for example ethoxycarbonyl and phenylacetyl. Suitable in vivo hydrolysable esters for carboxy 
include C^alkoxymethyi esters for example methoxymethyl; C^alkanoyloxymethyl esters for example piv- 
aloyioxymethyl; cydoaikoxycarbonytoxyC^alkyl, for example 1-cyclohexyloxycarbonyloxyethyt; 1,3-di- 
oxo!en-2-onyimethyl esters for example 5-methyl-1 t 3-dioxolen-2-ony1methy1; phthalidyt esters and C^alkox- 
ycarbonyloxyethyl esters for example 1 -met hoxycarbonyloxyet hyi and may be formed at any carboxy group 
in the compounds of this invention. 

In order to use a compound of the formula (I) or a pharmaceutical^ acceptable salt or in vivo hydrolysable 
ester thereof for the therapeutic treatment of mammals including humans, in particular in treating infection, it 
is normally formulated in accordance with standard pharmaceutical practice as a pharmaceutical composition. 

Therefore in another aspect the present invention probides a pharmaceutical composition which comprises 
a compound 'of the formula (I) or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof and 
a pharmaceutically acceptable carrier. 

The compounds of the present invention may be formulated as dry powder filled vials, which may contain 
the compound of the present invention alone or as a dry blended mixture. For example an acidic compound 
of the present invention may be dry blended with an alkali metal carbonate or bicarbonate. Freeze dried for- 
mulations of compounds of the present invention, alone or as a mixture with standard excipients, are possible. 
Standard excipients include structure formers, cryoprotectants and pH modifiers, such as, mannitol, sorbitol, 
lactose, glucose, sodium chloride, dextran, sucrose, maltose, gelatin, bovine serum albumin (BSA), glycine, 
mannose, ribose, polyvinylpyrrolidine (PVP), cellulose derivatives, glutamine, inositol, potassium glu tarn ate, 
erythritol, serine and other amino acids and buffer agents e.g. disodium hydrogen phosphate and potassium 
citrate. 

The pharmaceutical compositions of this invention may be administered in standard manner for the dis- 
ease condition that it is desired to treat, for example by oral, rectal or parenteral administration. For these pur- 
poses the compounds of this invention may be formulated by means known in the art into the form of, for ex- 
ample, tablets, capsules, aqueous or oily solutions or suspensions, emulsions, dispersible powders, supposi- 
tories and sterile injectable aqueous or oily solutions or suspensions. 

in addition to the compounds of the present invention the pharmaceutical composition of this invention 
may also contain, or be co-administered with, one or more known drugs selected from other clinically useful 
antibacterial agents (for example other beta-lactams or aminoglycosides), inhibitors of beta-lactamase (for ex- 
ample davulanicacid), renal tubular blocking agents (e.g. probenecid) and inhibitors of metabolising enzymes 
(for example inhibitors of dehydropeptidases, for example Z-2-acylamino-3-substrtuted propenoates such as 
cilastatin) and N-acylated amino acids such as betamipron (also see EP-A-1 78911). 

A suitable pharmaceutical composition of this invention is one suitable for oral administration in unit dosage 
form, for example a tablet or capsule which contains between 100mg and 1g of the compound of this invention. 

A preferred pharmaceutical composition of the invention is one suitable for intravenous, subcutaneous or 
intramuscular injection, for example a sterile injectable composition containing between 1 and 50% w/w of the 
compound of this invention. 

Specific examples of compositions, which are constituted as a 1% solution in water, freeze dried and may 
be made up by adding 0.9% aqueous sodium chloride solution to give the required concentration, preferably 
1mg-10mg/ml, are as follows: 

Composition 1 

Compound of Example 1 50mg 
Composition 2 

Compound of Exampl 1 50 mg 
Glycine 31 mg 

Furth r specific xamples of compositions are as above, but where the com pound of example 1 is replaced 
by any on of examples 2 1 12. 

Th pharmaceutical compositions of th invention will normally b administered to man in order to combat 
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infections caused by bacteria, in the same general manner as that employed for imipenem du allowance being 
mad in terms of dose I vels for the pharmacokinetics of the compound f the present invention relative to 
the clinical use of imipenem. Thus each patient will receive a daily intravenous, subcutaneous or intramuscular 
dose of 0.05 to 5g, and preferably 0.1 to 2.5g t of the compound of this invention, the composition being ad- 

5 ministered 1 to 4 times per day, preferably 1 or 2 times a day. The intravenous, subcutaneous and intramuscular 
dose may be given by means of a bolus injection. Alternatively the intravenous dose may be given by contin- 
uous infusion over a period of time. Alternatively each patient will receive a daily oral dose which is approxi- 
mately equivalent to the daily parenteral dose. Thus a suitable daQy oral dose is 0.05 to 5g. of the compound 
of this invention, the composition being administered 1 to 4 times per day. 

10 In a further aspect the present invention probides a process for preparing the compounds of the formula 

(I) or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof which process comprises depro- 
tecting a compound of the formula (V) wherein P 1 is optionally further substituted as for P in formula (I): 



15 



20 




wherein R 2 is as hereinbefore defined; R 10 is a group R 3 or an amino protecting group; R 13 is a group R\ pro- 
tected hydroxymethyl or 1 -(protected hydroxy)ethyl; R 11 is hydrogen or a carboxy protecting group; R 12 is hy- 
25 drogen or an amino protecting group: 
P 1 is of the formula (ID), (IE) or (IF) 



30 




(IP) (IE) (IF) 

and in formula (IE) the naphthyl group may be bonded to the nitrogen of the linking carbamoyl group at either 
ring; 

40 rib is a group Z or a protected Z group and wherein any optional substituent on P 1 is optionally protected; and 
wherein at least one protecting group is present; and thereinafter if necessary; ^ 

(i) forming a pharmaceutically acceptable salt, 

(ii) esterifying to form an in vivo hydrolysable ester. 

Protecting groups may in general be chosen from any of the groups described in the literature or known 
45 to the skilled chemist as appropriate for the protection of the group in question, and may be introduced by con- 
ventional methods. 

Protecting groups may be removed by any convenient method as described in the literature or known to 
the skilled chemist as appropriate for the removal of the protecting group in question, such methods being chos- 
en so as to effect removal of the protecting group with minimum disturbance of groups elsewhere in the mol- 
so ecule. 

The compounds of the formula (V) are novel and form another aspect of th inv ntion. 

Specific examples of protecting groups are given below for the sake of convenience, in which "lower" sig- 
nifies that the group t which it is applied preferably has 1-4 carbon atoms. It wDI b understood that these 
examples are not xhaustive. Where sp cif ic xamples of methods for the removal of prot cting groups are 
55 given below these are similarly not xhaustiv . Th use of protecting groups and methods of deprotection not 
sp cif ically mentioned is of cours within th scope of the invention. 

Examples of hydroxy protecting groups includ lower alkenyt groups (eg allyl); lower alkan yl groups (eg 
acetyl); lower alkoxycarbonyl groups (eg t-butoxycarbonyl); lower alk nyloxycarbonyl groups (eg allyloxycar- 

8 
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bonyl); aryt lower alkoxycarbonyl groups (eg benzoytoxycarbonyl, g-methoxybenzyioxycarbonyl, o-nitroben- 
zyioxycarbonyl, 2-nitrobenzyloxycarbonyl); tri lower alkyisilyl (eg trimethylsflyl, t-butyldimethylsHyl); diaryi(low- 
er alkyi)sflyi (eg t-butyldiphenylsflyl) and aryl lower alkyl (eg benzyl) groups. 

Examples of amino protecting groups Include formyl, aralkyl groups (eg benzyl and substituted benzyl, eg 
g-methoxybenzyl, nitro benzyl and 2,4-dimethoxybenzyl, and tri phenyl methyl); di-£-anisytmethyl and fury! me- 
thyl groups; lower alkoxycarbonyl (eg t-butoxycarbonyl); lower alkenyfoxycarbonyl (eg allytoxycarbonyl); aryl 
lower alkoxycarbonyl groups (eg benzyloxycarbonyi, £-met hoxybe nzyloxycarbonyl , o-n rtrobe nzyloxycarbo nyl , 
2-nitrobenzyloxycarbonyl); trialkytstlyl (eg trimethylsilyf and t-butyldtmethylsOyl); diaryi(lower alkyi)silyl (eg t- 
butyldiphenylsilyl); alkyiidene (eg methylidene); benzylidene and substituted benzytidene groups. 

Methods appropriate for removal of hydroxy and amino protecting groups include, for example, acid-, 
base-, metal- orenzymically-catalysed hydrolysis, for groups such as p-nitrobenzyloxycarbonyi, hydrogenation 
and for groups such as o-n rtrobe nzyloxycarbo nyl, photolytically. 

A carboxy protecting group may be the residue of an ester-forming aliphatic or araliphatic alcohol or of an 
ester-forming silanol (the said alcohol or silanoi preferably containing 1-20 carbon atoms). 

Examples of carboxy protecting groups include straight or branched chain (1-12C)alkyf groups (eg isopro- 
pyl, t-butyl); lower alkoxy lower alkyl groups (eg methoxymethyl, ethoxymethyl, isobutoxym ethyl); lower ali- 
phatic acyloxy lower alkyl groups, (eg acetoxymethyl, propionyloxymethyl, butyryloxymethyl, pfvaloytoxyme- 
thyl); lower alkoxycarbonyloxy lower alkyl groups (eg 1-methoxycarbonyioxyethyl, 1-ethoxycarbonyloxyethyl); 
aryl lower alkyl groups (eg [wnethoxybenzyl, o-nitrobenzyi, £-nitrobenzyl, benzhydryl and phthalidyl); tri(lower 
alkyl)silyl groups (eg trimet hylsilyl and t-butyldimethylsilyl); tri(lower alkyl)silyl lower alkyl groups (eg trimethyl- 
silylethyl); diaryl (lower alkyl)silyl groups (eg t-butyldiphenylsilyl); and (2-6C)aikenyl groups (eg ally! and viny- 
lethyl). 

Methods particularly appropriate for the removal of carboxyl protecting groups include for example acid-, 
base-, metal- orenzymically-catalysed hydrolysis, for groups such as g-nitrobenzyloxycarbonyl, hydrogenation 
and for groups such as o-n rtrobe nzyloxycarbo nyl, photolytically. 

Preferred protecting groups for carboxy and hydroxy groups in compounds of the formula (I) are the groups 
allyl and £-nitrobenzyl. A preferred method for removal of the allyl group is by palladium catalysis using tetra- 
kis(triphenyiphosphine)palladium and Meldrum's acid, in DMF or a dipolar aprotic solvent tetrahydrofuran mix- 
ture, such as dimethylsulphoxide/tetrahydrofuran or 1,3-dimethyl-2-oxo-tetrahydropyrimidine/tetrahydrofuran t 
or an alcohol/tetrahydrofuran mixture such as isopropanol/tetrahydrofuran or ethanol/tetrahydrofuran, prefer- 
ably at ambient temperature. Alternatively, methyl aniline may be used in place of Meldrum's acid, in dichloro- 
methane. These conditions allow isolation of the product by precipitation of the sodium salt on the addition of 
a sodium salt such as sodium 2-ethylhexanoate. 

A preferred method for removal of the j>- nitro benzyl group is hydrogenation using a palladium catalyst 

In another aspect of the present invention the compounds of the formulae (I) and (V) may be prepared by 

a) reacting compounds of the formulae (VI) and (VII): 



wherein P 1 , R2 Rio t rh ( R12 an( j ris are as hereinbefore defined, optional substituents on P 1 are as here- 
inbefore defined and L is a leaving group, or 
b) cyclising a compound of the formula (VIII): 
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(VIII) 



wherein P 1 , R 2 R t0 , R 11 , R 12 and R 13 are as hereinbefore defined, optional substituents on PI are as here- 
inbefore defined and R 14 , R 16 and R 16 are independently selected from C^alkoxy, aryloxy, di-C^alkyia- 
mino and diarylamino or any two of R u -R 16 represent o-phenytenedbxy or one of R 14 -R 16 is C^alkyl, allyl, 
benzyl or phenyl and the other two values are independently selected from C^alkyl, trifluoromethyl or 
phenyl, wherein any phenyl group is optionally substituted with Ci^alkyt or C^alkoxy; and wherein any 
functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ii) forming a pharmaceutically acceptable salt; 

(iii) esterif ying to form an in vivo hydrolysable ester. 

Suitably in the compound of the formula (VI), Lis the reactive ester of a hydroxy group such as a sulfonate 
(for example C^alkanesulfonyloxy, tnfluoromethanesulfonyloxy, benzenesulfonyloxy, toluenesulfonyloxy), a 
phosphoric ester (for example a diarylphosphoric ester such as diphenylphosphoric ester) or L is a halide (for 
example chloride). In an alternative L is a sulfoxide for example -SOCH=CH-NHCOCH 3 which may be readily 
displaced. Preferably L is diphenylphosphoric ester (-OP(0)(OPh)2). 

Compounds of the formula (VI) and their preparation are well known in the carbapenem literature, for ex- 
ample see EP-A-126587, EP-A-160391, EP-A-243686 and EP-A-343499. 

The reaction between the compounds of the formulae (VI) and (VII) is typically performed in the presence 
of a base such as an organic amine for example dMsopropylethylamine or an inorganic base for example an 
alkali metal carbonate such as potassium carbonate. The reaction is conveniently performed at a temperature 
between -25°C and ambient, suitable at about 0°C. The reaction is generally performed in an organic solvent 
such as acetonitrile or dimethytformamide. The reaction is generally performed in a manner similar to that de- 
scribed in the literature for similar reactions. 

The compounds of the formula (VII) are novel and form another aspect of the present invention. 

The compounds of the formula (VII) may be prepared by the deprotection of a compound of the formula 

(IX): 




(IX) 



wherein P 1 , R 10 and R 12 are as hereinbefore defined, optional substituents on P 1 are as hereinbefore defined 
and R 17 is a protecting group, for example C^alkanoyf, C^alkoxycarbonyl or benzoyl. Preferred values for 
R 17 are acetyl and t-butoxycarbonyl. The compounds of the formula (IX) can be converted to the compounds 
of the formula (VII) by standard methods of deprotection, for example acetyl groups can be removed by basic 
hydrolysis in aqueous alkanol, alkenol for example allyl alcohol, or tetrahydrofuran. 

The compounds of the formula (IX) are nobel and form another aspect of the present invention. 

Th compounds of the formula (IX) may be prepared by the reaction of an activated derivauV of a com- 
pound of th formula (X), which may be formed in situ , with a compound of th formula (XI): 
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25 



35 




(X) e io . (xi) 

wherein P\ R 10 , R 12 and R 17 are as hereinbefore defined and optional substituents on P 1 are as hereinbefore 
defined. Activated derivatives of the compound of the formula (X) include acid halides, anhydrides and 'acti- 
vated' esters such as 1H-benzol-1,2,3-triazo!-1-yl, pentafluorophenyl and 2,4,5-trichlorophenyl esters or the 
10 benzimidazol-2-yl ester of the thiocarboxylic acid corresponding to (X). The reaction of the compounds of the 
formulae (X) and (XI) is performed under standard methods, for example, in the presence of sulfonyl chloride 
at ambient temperature. 

The compounds of the formulae (X) and (XI) are prepared by standard methods known to the skilled chem- 
ist such as the methods of the Examples hereinafter, the methods described in EP-A-1 26587 or by methods 
15 analogous or similar thereto. 

Suitably, in the compounds of the formula (VIII), R 14 , R 15 and R 16 are independently selected from 
alkoxy such as met hoxy, ethoxy, isopropoxy, n-propoxy or n-butoxy; aryloxy such as optionally substituted phe- 
noxy; di-C 1 _ Je alkylamino such as dimethylamino ordiethylamino; diaryiaminosuch as diphenylamino or any two 
of R 14 -R 18 represent o-phenyienedioxy. Preferably each of R 14 -R 16 have the same value and are C^alkoxy . 
20 for example methoxy, ethoxy, isopropoxy or n-butoxy or are phenoxy. 

The compounds of the formula (VIII) are cydized under conventional conditions known in the art to form 
compounds of the formula (V)- Typical conditions are heating in a substantially inert organic solvent such as 
toluene, xylene or ethyl acetate at temperatures in the region 60-1 50°C. Typically the reaction is performed 
in an atmosphere of nitrogen and is carried out in the presence of a radical scavenger for example hydroqui- 
none. 

The compounds of the formula (VIII) may be formed and cydized in situ . The compounds of the formula 
(VIII) may conveniently be prepared by reacting compounds of the formulae (XII) and (XIII): 

30 




(XII) 



PR 14 R«Rie (XIII) 

wherein P\ R 2 , R 10 -R 16 are as hereinbefore defined and optional substituents on P 1 are as hereinbefore de- 
fined. Suitably the compound of the formula (XIII) is a phosphite or is the functional equivalent of such a com- 
pound. 

The reaction between the compounds of the formulae (XII) and (XIII) is conveniently performed in an or- 
ganic solvent such as toluene, xylene, ethyl acetate, chloroform, dichloromethane, acetonitrile or dimethylfor- 
mamide. Typically the reaction is carried out at an elevated temperature for example 60-1 50°C. 

The compounds of the formula (XII) may be prepared by a number of methods known in the art. For ex- 
ample the compounds of the formula (XII) may be prepared by the acylation of a compound of the formula 
(XIV): 



50 
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(XIV) 



o 
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10 



15 



wherein P\ R 2 , R 10 , R 12 and R 13 are as hereinb fore defined and optional substituents on P 1 are as hereinbefore 
defined with a compound of the formula (XV): 

CI - CO - COOR" (XV) 

wherein R 11 Is as hereinbefore defined. 

The compounds of the formula (XfV) may be prepared by reacting compounds of the formulae (XVI) and 
(VII): 



/V s 1 A 

^ — 1r^cA«iv (XVI) 



wherein R 2 and R 13 are as hereinbefore defined. The compounds of the formula (XVI) are known in the art 
and may be reacted with the compounds of the formula (VII) under conventional acyiation methods known in 
the art. 

Compounds of the formulae (VII), (XII) and (XIV) are novel and, as such, form another aspect of this in- 
20 vention. 

The following biological test methods, data and Examples serve to illustrate the present invention. 



Antibacterial Activity 



25 The pharmaceutical^ acceptable carbapenem compounds of the present invention are useful antibacterial 

agents having a broad spectrum of activity in vitro against standard laboratory microorganisms, both Gram- 
negative and Gram-positive, which are used to screen for activity against pathogenic bacteria. The antibacterial 
spectrum and potency of a particular compound may be determined in a standard test system. In particular 
the carbapenems of the present invention show good stability to beta-lactamases and have a particularly good 

30 elimination half life in mammals. In general compounds show significant improvement over imipenem. 

The antibacterial properties of the compounds of the invention may also be demonstrated in vivo in con- 
ventional tests. 

Carbapenem compounds have generally been found to be relatively non-toxic to warm-blooded animals, 
and this generalisation holds true for the compounds of the present invention. Compounds representative of 
35 the present invention were administered to mice at doses in excess of those required to afford protection 
against bacterial infections, and no overt toxic symptoms or side effects attributable to the administered com- 
pounds were noted. 

The following results were obtained for representative compounds on a standard in vitro test system using 
Diagnostic Sensitivity Test The antibacterial activity is described in terms of the minimum inhibitory concen- 
40 tration (MIC) determined by the agar-dilution technique with an inoculum size of 10* CFU/spot 



j MIC (tig/ml) 


ORGANISM 


| EXAMPLE 1 


S. aureus Oxford 


| 0.125 


E. coli DCO 


j 0.015 


P. moganii I + 001 


j 0.015 


Enterobacter cloacae P99- 


! 0.008 


B. fragilis AMP S 


| 0.25 



In the following examples, which are representative of the scope: 

(a) NMR spectra were taken at 200MHz or 400MHz unless otherwise stated; 

(b) Allyloxy means the propen-1-yl xy group -OCH 2 CH=CH 2 ; 

(c) THF means tetrahydrofuran; 
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(d) DMF m ans dimethylformamid ; 
( ) DMSO means dimethylsulphoxide; 

(f) Evaporation of solvents was carried out under reduced pressure; 

(g) HPLC means high pressure liquid chromatography; 

(h) Temperatures are in degrees centrigrade. 

(i) TFA means trifluoroacetic acid; and 
(j) tic means thin layer chromatography. 

Example 1 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(3-SulfophenyicarbamoyO^ 
penem-3-carboxylic acid (dipotassium salt). 

A solution of 4-nitrobenzyl (1 R 1 5S f 6S,8R,2*S.4'S)-2-(1-(4-nitrote^ 
bamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyt^ diiso propyl ethyl amine 

salt (720 mg t 0.87 mmol) in a mixture of ethyl acetate, ethanol, water (30 ml, 5ml, 25 ml) and potassium bicar- 
bonate (174.5 mg, 1.74 mmol) was hydrogenated at atmospheric pressure over palladium/carbon (10%) (500 
mg) for 1 hour. The catalyst was filtered off, and the filtrate concentrated and purified by preparative HPLC 
(Nucleosil C-18), using water as the eluant Concentration and lyophilisation of the required fractions gave the 
title compound (340 mg, 76%). 

NMR (DMSO-d 6 + AcOD-d*): 6 1.17 (2d, 6H); 1.75 (m, 1H); 2.7 (m, 1H); 2.9 (m, 1H); 3.22 (dd, 1H); 3.45 (m, 
2H); 3.77 (m, 1H); 3.96 (m, 2H); 4.18 (dd, 1H); 7.3 (m t 2H); 7.65 (m, 1H); 7.9 (s, 1H). 

(2S,4S)-1-(4-Nitrobenzyloxycarbony1)-2-(3-sulfop (diisopropyle- 
thylamine salt). 

(2S,4S)-1-(4-Nitroben2yloxycarbonyl)^acetylthio-2-carboxypyrrolidine (1.5 g, 4 mmol) was treated with 
thionyl chloride (12 ml) at ambient temperature.. The mixture was stirred at ambient temperature for 5 hours, 
the thionyl chloride evaporated and the residue dissolved in dichloromethane/toluene (1:1). The solvent was 
evaporated and the residual oil dried under vacuum for 1 hour and dissolved in dry dichloromethane (10 ml). 
This was added to a solution of 3-aminobenzenesulfonic acid (706 mg, 4 mmol) and diisopropylethyiamine 
(1 .42 ml, 8 mmol) in anhydrous DMF (10 ml) at 0°. The mixture was stirred at ambient temperature for 12 hours, 
the dichloromethane evaporated, and the residual DMF solution subjected to chromatography on a HP20SS 
column. The title compound was eluted with methanol (water + 1% acetic acid), (gradient of methanol) (1.68 
g, 79%). 

NMR (DMSO-d 6 + AcOD-oU, 100°C): 6 1.4 (m, 15H); 2.05 (m, 1H); 2.35 (s, 3H); 2.8 (m, 1H); 3.15 (q, 2H); 3.4 
(m, 1H); 3.65 (m, 2H); 3.9-4.25 (m, 2H); 4.5 (dd, 1H); 5.25 (s, 2H); 7.1-7.75 (m, 5H); 7.9 (m, 1H); 8.1 (d, 2H). 
4-Nitrobenzyt (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyt-2^ 

late was prepared as follows: To a solution of 4-nitrobenzyl (1R,5R,6S,8R)-6-(1-hydroxyethy1}-1-methyl-2-ox- 
ocarbapenem-3-carboxylate [prepared in situ from 4-nitrobenzyl 2-diazo-3-oxo-4-(R)-methyM-[3S,4R)-3-(1- 
(R)-hydroxyethyl)-2-oxoazetidin-4-y1]-butanoate and rhodium octanoate: see for example EP-A-208889] and 
di-isopropyl ethyl amine (1.1 equivalents) in acetonitrOe, at 0°C, under an argon atmosphere, was added drop- 
wise diphenyl chlorophosphate (1.1 equivalents). The solution was stirred at ambient temperature for 30 min- 
utes to form the corresponding 2-diphenytphosphoryloxycarbapenem. 

4-Nitrobenzyl (1R t 5S,6S t 8R t 2'S f 4'S)-2-(1-(4-nitrobenzyloxycarbonyi)-2-(3-sulfophenylc^ 
4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate (diisopropylethyiamine salt). 

(2S,4S)-1-(4-Nitrobenzy1oxycart>onyl)-2-(3-su!fophe^ diisopropyle- 
thyiamine salt (0.8 g, 1 .53 mmol) in methanol (40 ml) was treated with 1 M NaOH (3.83 ml, 2.5 mmol) at ambient 
temperature for 1 hour. Th mixtur was then acidified to pH3 at 0° with 6M HCI, evaporated and dried under 
vacuum for 1 hour. The crude thiol was dissolved in DMF (5 ml) and added to a solution of 4-nitrobenzyl 
(1 R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methy1-2-dipheny^ (890 mg, 

1.5 mmol) in DMF (10ml), diisopropylethyiamine (520 uJ, 3 mmol), tri-n-butylphosphine (373 uJ, 1.5 mmol) and 
wat r (27 uJ, 1.5 mmol) at 0° and left vernight The crude reaction mixture was subj cted to chromatography 
on a HP20SS column using acetonitrOe/water as eluant (gradient acetonitrile) to give the title compound (728 
mg, 59%). 

NMR(DMSO-d«+ AcOD-d 4 ): 5 1.3 (m, 21H); 1.9 (m, 1H); 2.85 (m, 1H); 3.15 (q. 2H); 3.3-(dd, 1H); 3.4 (m, 1H); 
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3.65 (m, 3H); 3.8-4.1 (m, 2H); 4.15 (m, 1H); 4.25 (dd, 1H); 4.5 (m, 1H); 5.28-5.5 (m, 4H); 7.2-8.3(m, 12H). 
Example 2 

(1R.5S,6S,8R^ , S.4'S)-2-(2-(2-Hydroxy-5-sulfophen^ 
methyicarbapenem-3-carboxyiic acid (dipotassium salt). 

The title compound was prepared from 4-nitro benzyl (1R.5R, 6S,8R,2*S,4 , S)-2-(1-(4-nitrobenzyloxycarbo- 
nyl)-2-(2-hydroxy-5-sutfophenylcarbapenem-3-carboxylate diisopropylethylamine salt, using a similar method 
to that of example 1 , except the solvent used in the hydrogenation was water. 

NMR (DMSO-d<>+ AcOD-d*): 8 1.15 (2d, 6H); 1.75 (m, 1H); 2.65 (m, 2H); 3.2 (dd, 1H); 3.4 (m, 1H); 3.51 (m, 
1H); 3.63 (m, 1H); 3.94 (m, 1H); 4.02 (m, 1H); 4.18 (dd, 1H); 6.82 (dd, 1H); 7.22 (dd, 1H); 8.42 (s, 1H). 

(2S,4S)-1-(4-Nitrobenzy1oxycarbonyl)-2-(2-hydroxy-5-su^ (dii- 
sopropylethylamine salt). 

The title compound was prepared from 3-amino-4-hydroxybenzenesutfonic acid using a similar method to 
that of example 1. 

NMR (DMSO-d 6 + TFA-d, 70°C): 1.35 (m, 15H); 2.1 (m, 1H); 2.3 (s, 3H); 2.8 (m, 1H); 3.15 (q, 2H); 3.4 (m, 1H); 
3.65 (m, 2H); 3.9-4.25 (m, 2H); 4.65 (dd, 1H); 5.25 (s, 2H); 6.85 (d, 1H); 7.3 (dd, 1H); 7.6 (d, 2H); 8.1 (d, 2H); 
8.2 (d, 1H). 

4-Nitrobenzyl (1R > 5R,6S,8R t 2'S,4 , S)-2-(1-(4-nitrobenzyloxycarbonyl)-2-(2-hydroxy-5-sulfophenylcarba^ 
rrK>yl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1^ (diisopropylethylamine 
salt). 

The title compound was prepared from (2S t 4S)-1-(4-nitrobenzyloxycarbonyl)-2-(2-hydroxy-5-sulfophenyi- 
carbamoyl)pyrrolidin-4-ylthioacetate diisopropylethylamine salt using a similar method to that of example 1. 
NMR (DMSO-d 6 + AcOD-d 4 ): 5 1.2 (m, 21 H); 2.05 (m, 1H); 2.85 (m, 1H); 3.1 (q, 2H); 3.28 (dd, 1H); 3.4 (m, 1 H); 
3.6 (m, 3H); 3.8-4.2 (m, 3H); 4.25 (dd, 1H); 4.6 (m, 1H); 5.1-5.4 (m, 4H); 7.05-7.25 (m. 2H); 7.25-7.45 (m, 1 H); 
7.45-7.7 (m, 3H); 8.0-8.3(m, 5H). 

Example 3 

(1R t 5S,6S,8R,2'S,4'S)-2-(2-(2-Methoxy-5-methy^ 
yethylH-methylcarbapenem-3-carboxylic acid (dipotassium salt). 

The title compound was prepared from 4-nitrobenzyi (1 R,5R,6S,8R,2'S,4'S)-2-(1-(4-nitrobenzyloxycarbo- 
nyl)-2-(2-methoxy-5-methyl-4-$u!fbphenyicait>amoyl)^ 

penem-3-carboxyiate diisopropylethylamine salt using a similar method to that of Example 2. 

NMR (DMSO-de+ AcOD-dU): 6 1.18 (2d, 6H); 1.78 (m, 1H); 2.48 (s, 3H); 2.6-2.8 (m, 2H); 3.2 (dd, 1H); 3.42 (m, 

1H); 3.51 (m, 1H); 3.65 (m, 1H); 3.82 (s, 3H); 3.9-4.1 (m, 2H); 4.15 (dd, 1H); 7.44 (s, 1H); 8.05 (s, 1H). 

(2S,4S)-1-(4-Nitrobenzyloxycarbonyl)-2-(2-metho 
cetate (diisopropylethylamine salt). 

The title compound was prepared from 4-amino-5-methoxy-2-methylbenzenesulfonic acid using a similar 
method to that of Example 1 . 

NMR (DMSO-d 6 + TFA-d): 6 1.35 (m, 15H); 2.1 (m, 1H); 2.3 (s, 3H); 2.45 (s, 3H); 2.8 (m, 1H); 3.15 (q, 2H); 3.4 
(m, 1H); 3.65 (m, 2H); 3.9-4.25 (m, 2H); 4.7 (dd, 1H), 5.25 (s, 2H); 7.45 (s, 1H); 7.65 (d, 2H); 7.85 (m, 1H); 8.2 
(d. 2H). 

4-Nitrobenzyl (1R,5R,6S,8R t 2 , S t 4'S)-2-(1-(4-nitrobenzyloxycarbonyl)-2-(2-methoxy-5^methyl^sulfoph 
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxy thyl)-1-methylcarbapenem-3-carboxylate (diisopropylethyla- 
mine salt). . - 

Th titi compound was prepared from th product of the pr vious step using a similar method to that of 
example 1. 
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NMR (DMSO-d 6 + AcOD-dU): 8 1.25 (m, 21 H); 2.05 (m, 1H); 2.45 (s, 3H); 2.85 (m, 1H); 3.15 (q, 2H); 3.3 (dd f 
1H); 3.4 (m, 1H); 3.55 (m, 1H); 3.65 (m, 2H); 3.75 (s, 3H); 3.8-4.2 (m p 3H); 4.25 (dd f 1H); 4.6 (m f 1H); 5.2-5.4 
(m, 4H); 7.47 (s ( 1H); 7.5-7.8 (m, 5H); 8.1-8.25 (m, 4H). 

Example 4 

(1R,5S,6S,8R t 2 , S,4 , S)-2-(2-(2-Sulfophenyl^ 
penem-3-carboxylic acid (dipotassium salt). 

The title compound was prepared from 4-nitrobenzyi (1R.5R, 6S f 8R v 2 , S,4 r S)-2-(1-(4-nitrobenzyloxycarbo- 
nyl)-2^2-sulfophenylcart>amoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-^ -methylcarbapenem-3-carboxylate - 
diisopropylethylamine salt using a similar method to that of example 1, except the solvent used in the hydro- 
genation was water/ethyl acetate (3:1). 

NMR (DMSO-d 6 + AcOD-d 4 ): 8 1.15 (2d, 6H); 1.7 (m t 1H); 2.7 (m f 2H); 3.2 (dq f 1H); 3.3-3.6 (m, 3H); 3.95 (m f 
2H); 4.2 (dd. 1H); 7.05 (t, 1H); 7.3 (t, 1H); 7.7 (d, 1H); 8.3 (d, 1H). 

(2S,4S)-1-(4-Nitrobenzyloxycarbonyl)-2-(2-sulfophenylra (diisopropyle- 
thylamine salt). 

The title compound was prepared from 2-aminobenzenesuifonic acid using a similar method to that of ex- 
ample 1 . 

NMR (DMSO-d 6 + TFA-d): 5 1.3 (m t 15H); 2.3 (s, 3H); 2.5-2.8 (m, 2H); 3.15 (q, 2H); 3.4-3.75 (m, 3H); 4.0-4.25 
(m, 2H); 4.3-4.5 (t, 1H); 5.2 (s, 2H); 6.9-8.3 (m f 8H). 

4-Nitrobenzyl (1R,5R,6S,8R,2'S,4'S)-2-(1-(4-nitrobenzyloxycarbonyl)-2-^ 
4-ylthio)-6-(1-hydroxyethyl)-1 -met hylcarbapenem-3-carboxy late (diisopropylethylamine salt). 

The title compound was prepared from the product of the previous step using a similar method to that of 
example 1 . 

NMR (DMSO-d 6 + AcOD-d 4 ): 8 0.9-1.0 (m, 21H) ( 2.0 (m. 1H); 2.85 (m, 1H); 3.15 (q, 2H); 3.3 (dd ( 1H); 3.5-3.7 
(m, 4H); 3.9-4.1 (m f 2H); 4.15-4.5 (m, 4H); 5.1-5.5 (m, 4H); 7.05 (t. 1H); 7.25 (m, 1H); 7.55 (d, 1H); 7.65-7.8 
(m 4H); 8.0 (d, 1H); 8.2-8.45 (m, 3H). 

Example 5 

(1R t 5S t 6S,8R,2 , S,4'S)-2-(2-(2-Hydroxy^sulfo-^ 
1-methy1carbapenem-3-carboxylic acid (dipotassium salt). 

The title compound was prepared from 4-nitrobenzyl (1R,5R,6S, 8R t 2'S ( 4'S)-2-(1-(4-nitrobenzyioxycarbo- 
ny1)-2-(2-hydroxy^suifo-1-naphthy1cart)amoyl)pyrrolkJirv^ 

carboxylate diisopropylethylamine salt using a similar method to that of example 1. 

NMR: (DMSO-d 6 + AcOD-d4): 8 1.1 (2d, 6H); 1.95 (m t 1H); 2.85 (m ( 1H); 2.95 (m, 1H); 2.99 (m f 1H); 3.2 (dd. 
1H); 3.4 (m, 1H); 3.6 (m, 1H); 3.8 (m, 1H); 3.98 (m, 1H); 4.18 (dd, 1H); 4.28 (t, 1H); 4.7 (m, 1H); 5.3 (s t 2H); 
7.32 (dd, 1H); 7.45 (dd, 1H); 7.68 (d, 1H); 7.78 (s, 1H); 8.73 (d, 1H). 

(2S t 4S)-1-(4-Nitrobenzyloxycarbonyl^^ 
(diisopropylethylamine salt). 

The title compound was prepared from 1-amino-2-hydroxy-naphthylenesulfonic acid using a similar meth- 
od to that of example 1. 

NMR(DMSO-d 6 + AcOD-d 4 ): 8 1.35 (m, 15H); 2.15 (m, 1H); 2.3 (s, 3H); 2.8 (m, 1H); 3.15 (q, 2H); 3.35 (m, 1H); 
3.6 (m, 2H); 3.9-4.25 (m, 2H); 7.0-7.5 (m, 2H); 7.5-8.0 (m, 4H); 8.15 (d, 2H); 8.75 (m f 1H). 

4-Nitrob nzyl (1R,5R t 6S,8R,2 , S,2'S)-2-(1-(4-nitrobenzyloxycart)onyl)-2-(2-hydroxy-4-sulfo^ 
nrK)yl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcaroapenenrh3-caro^ (diisopropylethylamin 
salt). 

The title compound was prepared from the product of the pr vious step using a similar method to that of 
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example 1. 

NMR: (DMSO-d e + AcOD-d*): 6 1.09 (d, 3H); 1.11 (d. 3H); 2.1 (m, 1H); 2.94 (m, 1H); 3.1-3.5 (m ( 2H); 3.6 (m, 
1H); 3.9-4.1 (m, 2H); 4.15-4.35 (m, 2H); 4.7 (m, 1H); 5.15-5.55 (m, 4H); 7.1-7.3 (m, 2H); 7.3-7.5 (m, 6H); 8.0- 

8.3 (m. 4H); 8.7 (d, 1H). 

5 

Example 6 

(1R.5S,6S,8R,2'S,4'S)-2-(2-(3-Methylsulfonylcaiftamo 
thyl)-1-methylcarbapenem-3-cart>oxylic acid. 

To a solution of 4-nHrobenzyi (1R t 5S i 6S i 8R # 2'S,4 , S}-2-(2-(3-methylsulfonylcarbanrKDyfphenylcarbamo^ . 
1-(4-nitrobenzyloxycart>onyl)py^ (360 
mg, 0.416 mM) in THF (freshly distilled from CaH 2 ; 35 ml) was added a suspension of 10% palladium on char- 
coal (150 mg) in water (15 ml) containing sodium hydrogen carbonate (35 mg, 0.416 mM). The resulting sus- 
pension was stirred in an atmosphere of hydrogen for 2 hours. The catalyst was removed by filtration through 
a millipore 0.2um syringe filter and the filtrate partitioned between ethyl acetate and water (50 ml of each). 
The ethyl acetate layer was extracted with more water and the combined aqueous extracts washed with ether 
and partially evaporated (high vacuum & 'Drikold' condenser). The concentrated aqueous layer (approximately 
30 ml) was freeze-drfed overnight to give the crude title compound (350 mg). 

Sodium hydrogen carbonate (150 mg) was added to the solution of crude material before being purified 
by column chromatography using a column of Diaion HP2055 resin (300 x 30 mm), eluting with water. Fractions 
containing the required product were combined and evaporated partially to dryness (as above) and then freeze 
dried overnight to give the title compound (1 00 mg). 

NMR: 1.32 (d. 6H); 2.13 (m, 1H); 3.08 (m. 1H); 3.37 (dd, 1H); 3.40 (s, 3H); 3.54 (dd, 1H); 3.90 (dd, 1H); 4.13 
(m f 2H); 4.37 (dd, 1H); 4.57 (t, 1H); 7.59(t, 1H); 7.86(d, 1H); 7.98(d f 1H); 8.34(s f 1H); MS: M+ 552. 
The starting material was prepared as follows:- 

3-Amino-N-methylsulfonylbenzamide 

A solution of 3-nitro-N-methylsulfonylbenzamide (R.N. [33920-36-4]; Ger Offen. DE 2002065 - July 1971; 

2.4 g, 10 mM) in acetic acid (100 ml) containing 10% palladium on charcoal (0.3 g) was stirred under an at- 
mosphere of hydrogen at ambient temperature and atmospheric pressure, for 2 hours. The hydrogen uptake 
was 800 ml. The suspension was filtered through Whatman No 50 filter paper and the filtrate evaporated. The 
resulting oil was dissolved in absolute ethanol (200 ml) and acidified with concentrated hydrochloric acid. A 
solid began to crystallise out The solution was cooled to 5°C for 2 hours and the solid collected and washed 
with cold ethanol. 3-Amino-N-methylsulfonylbenzamide hydrochloride was obtained as pale pink crystals (1 0.5 
g; m.p. 224.5-228°C). 

NMR (DMSO-d 6 ): 6 3.38 (s, 3H); 7.53 (m, 2H); 7.8 (m, 2H); 7.9-10.8 (broad, 3H). 

40 (2S,4S)-4-AcetyUhio-1-(4^nitrobenzyloxycarbo 
dine. 

Diisopropylethylamine (2.8 ml, 20mM) followed by chlorotrimethylsilane (1.3 ml, 10 mM) was added to a 
stirred solution of 3-amtno-N-methylsulfonylbenzamide hydrochloride (2.5 g t 10 mM) in THF (distilled from 
45 CaH 2 ; 30 ml) under an argon atmosphere. The solution was allowed to stand for 30 minutes and a crystalline 
solid separated. 

Meanwhile, 4-acety1thio-1-(4-nitrobenzyloxycaito^ (1.84 g, 5 mM) dissolved in 

THF (30 ml) was treated with N-methylmorpholine (1.1 ml, 10 mM). This solution was cooled to -15°C with 
stirring under an argon atmosphere, and treated with isobutyl chloroformate (0.66 ml, 5 mM) in one portion. 
so After 5 minutes, this solution was treated with the supernatant liquor from the trimethytsilyi derivative of 

the anOine (prepared above) at such a rate as to maintain th temperature below 0°C. When the addition was 
complet , the mixture was stirred for 15 minutes and the solvent evaporated. The residue was partitioned be- 
tween ethyl acetate (200 ml) and 1 M aqueous hydrochloric acid (1 00 ml). A solid crystallised ut of the mixture 
which was collected and washed with ethyl acetate and water and then air-dried to give (2S,4S)-4-acetylthio- 
. 55 1 -(4-nHrobenzyi xycartK>nyl)-2-(3-methylsutfonylcarbam - 
solid, (2.0 g; m.p. 240.5-242°C). 

NMR (DMSO-de): 1.93 (m, 1H); 2.33 (s, 3H); 2.80 (m, 1H); 3.33 (s, 3H); 4.05 (m, 2H); 4.48 (m, 1H); 5.18 (q, 
2H); 7.48 (m, 2H); 7.64 (m, 2H); 7.82 (m, 2H); 7.95 (d. 1H); 8.15 (d, 1H); 8.24 (d, 1H); 10.3 (s. 1H); 12.15 (s, 
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1H). 

4-Nitrobenzyl (1R,5S,6S,8R,2'S,4'S)-2-(2-(3-methylsulfonylcaroamoyl^^ 
ycarbonyQpyrrolidin-4-ylthio)-6-(1 -hydroxyethyl)-1 -methylcarbapenem-3-cart>oxytate 

5 

To a solution of (2S,4S)-4-acety(thio-1-(4-nitrobenzy1oxycarbonyl-2-(3^ 
carbamoyl)pyrrolidine (0.9 g t 1.6 mM) in absolute ethanol (8 ml) was added methylamine (33% solution in etha- 
nol t 2 ml, 16 mM) and the mixture stirred under argon for 20 minutes. The solution was partitioned between 
ethyl acetate (70 ml) and hydrochloric acid (1M; 50 ml) and the ethyl acetate layer separated and washed with 
10 water (50 ml), saturated brine (50 ml), dried over magnesium sulphate and evaporated. 

The resulting thiol was dissolved in acetonitrile (20 ml) and the solution treated with diisopropytethytamine 
(1 .0 ml, 5.6 mM). To this solution was added 4-nitrobenzyl (1 R,5R,6S t 8R)-6-(1 -hydroxyethyl)1-methyl-2-diphe- 
nylphosphoryloxycaroapenem-3-carboxylate (1.0 g, 1.68 mM) and the mixture stirred until complete solution 
was obtained. The mixture was allowed to stand for 16 hours at 5°C. The solvent was evaporated and the re- 
ts sidue partitioned between ethyl acetate (100 ml) and hydrochloric acid (1M; 50 ml). The ethyl acetate layer 
was separated and washed with hydrochloric acid (1M; 50 ml), water (50 ml), saturated brine (50 ml), dried 
over magnesium sulphate and evaporated. The residue was chromatographed on silica gel (Merck 9385, col- 
umn 40 mm diameter filled to a depth of 120 mm), eluting with a gradient of dichloromethane; methanol (95:5) 
to (1:1). Fractions containing the required product were combined and evaporated. The title compound was 
20 obtained as a pale yellow foam (0.45 g). 

NMR (CDCIs-DMSO-de): 1.29 (t, 6H), 2.10 (m, 1H), 3.23 (q, 1H); 3.37 (s, 3H); 3.45 (m, 3H); 3.76 (m, 1H); 4.10 
(t, 2H); 4.29 (q f 1 H); 4.54 (t, 1 H); 

Example 7 

(1R t 5S,6S,8R,2 , S,4 , S)-2-(2-(3-(1H-Tetrazol-5-yl)phenylcarbamoyl)-pyrrolidin^^ 
methylcarbapenem-3-carboxylic acid. 

To a solution of 4-nitrobenzyl (1 R,5S,6S,8R,2'S t 4 , S)-2-(2-(3-1 H-tetrazol-5-yl)phenylcarbamoyl)-1-(4-nitro- 
30 benzy!oxycarbony!)pyrrolidin-4-ylthio)-6-(1-h^ (750 mg) in 

THF (20 m!) was added a solution of sodium hydrogen carbonate (80 mg, 0.95 mmol) in water (20 ml). 10% " 
Palladium on charcoal (200 mg) was added and the mixture hydrogenated under an atmosphere of hydrogen 
for 1 hour. The palladium catalyst was filtered and a further 200 mg of catalyst added to the filtrate, which was 
hydrogenated in an atmosphere of hydrogen for 3 hours. The catalyst was again filtered, the filtrate extracted 
35 with ethyl acetate (25 ml) and ether (20 ml) and the aqueous layer freeze-dried to give a brown solid (240 mg). 
The solid was dissolved in water (40 ml) with sodium hydrogen carbonate (120 mg) and purified by chroma- 
tography on DIAION HP20SS resin (110 ml), eluting with water. The solvent was reduced, by evaporation, to 
20 ml then freeze-dried to give the titie product (130 mg). 

NMR (DMSO-de): 1.8 (d, 6H); 2.56-2.62 (m, 1H); 3.43-3.58 (m, 1H); 3.79-3.9 (m. 2H); 3.93-4.06 (m, 1H); 4.30- 
40 4.40(dd. 1H); 4.51-4.70 (m,2H); 4.78-4.87 (dd, 1H); 4.98-5.07 (t, 1H); 8.07-8.16 (t, 1H); 8.3 (fine split dd, 1H); 
8.42 (fine split dd, 1H); 8.98 (fine split s, 1H). MS: (M-H)~ 498; 520 (for mono sodium salt): 542 (for di sodium 
salt). 

The starting material was prepared as follows:- 

Vilsmeier reagent was prepared by treatment of DMF (0.72 ml, 9.25 mmol) in dichloromethane (40 ml) un- 
45 der argon with oxalylchloride (0.72 ml, 8.3 mmol) at -20°C for 30 minutes (2S,4S)-4-Acetyithio-1-(4-nitroben- 
zyloxycarbonyl)-2-carboxypyrrolidine (3 g, 8.1 mmol) in dichloromethane (10 ml) was added, followed by N- 
methyfmorpholine (1.1 ml, 10.1 mmol) and stirring continued at -20°C for 45 minutes. Formation of the acid 
chloride was found to be incomplete so a further (0.4 ml, 4.6 mmol) oxalylchloride was added and the mixture 
stirred at -20°C for 30 minutes. The solvent was removed to give a brown solid which was azeotroped with 
so toluene. The solid was dissolved in dichloromethane (50 ml) and cooled to -20°C under an atmosphere of argon. 
A mixtur of 3-(1 H-tetrazol-5-yt)anilin (1 .5 g; 9.3 mmol) and N-met hylmorpholine (2.5 ml, 22.9 mmol) in DMF 
(4 ml) was added and the mixture allowed to warm to ambient temperatur over 20 hours. After dilution with 
dichloromethane (30 mis) the mixtur was washed with" aqueous 1N HCI solution and brine (50 ml), dried 
(MgS0 4 ) and the solvent removed by evaporation to give a brown gum. This was purified by flash chromatog- 
55 raphy on sDica, eluting with a gradi ntof dichlorom thane; glacial acetic acid (100:3) to dichloromethane: ethy- 
lacetate: glacial ac tic acid (40:60:3) and azeotroped with toluene to give (2S,4S)-4-acetytthio-1-(4-nitroben- 
zyloxycaroonyl)-2-(3^(1H-tetra^l-5-yl)phenyfcarbamoyf)pyrrolidin as a pal yellow solid (3 g). 
NMR (DMSO-d«): 1.83-2.05 (m, 1H); 2.35 (s, 3H); 2.71-2.92 (m, 1H); 3.91-4.19 (m, 2H); 4.40-4.58 (m, 1H); 
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5.01-5.35 (m t 2H); 7.45-7.59 (m, 2H); 7.61-7.79 (m, 3H); 7.9 (d, 1H); 8.24 (d, 1H); 8.39 (d, 1H); 10.34 (s, 1H). 
MS: (M-H)" = 510. 

To a solution of (2S.4S)-4-acetyIthR>-1^4-nitrobenzyloxycartw^ 
moyl)pyrrolidine (500 mg, 0.98 mmol) in ethanol (5 ml) at 5°C under an atmosphere of argon, was added, a 
33% solution of methylamine (1 ml, 8.4 mmol). The mixture was stirred at 5°C for 10 minutes before being par- 
titioned between ethyl acetate and dilute aqueous HCI solution. The organic layer was washed with brine, dried 
(MgS0 4 ) and the solvent removed to give a pale yellowfoam. This product was used without further purification 
or identification. 

4-N'rtrobenzyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-triflu^ 
carboxylate was made using the method described in example 1 for the preparation of the corresponding 2- 
diphenyiphosphoryloxy carbapenem, except that trtf luoromethanesulfonicanhydride was used in place of dt- 
phenytchlorophosphate and 2 equibalents of diisopropylethyfamine were used. The product was used without 
analysis. 

To a solution of 4-nitrobenzyl (1 F^5R^S,8R)-6-(1-hydroxyethy1)-1-methyt-2-trifluoromethanesu(fony1oxy- 
carbapenem-3-carboxyfate (490 mgs, 0.98 mmol) in acetonitrile (5 ml), at -40°C, was added a solution of 1- 
(4-nftrobenzyloxycait>ony1)-2-(3-(1H-tetrao^^ (from 500 mgs of its 

thioacetate) in acetonitrile (5 ml) and diisopropylethylamine (0.52 ml, 2.93 mmol). The mixture was stored at 
5°C for 20 hours, the solvent removed and the yellow gum redissolved in dichloromethane (30 ml) which was 
washed with IN HCI (2 x 25 ml) and brine (25 ml). In the washing procedure yellow gum formed which redis- 
solved in ethyl acetate. The two organic phases were dried (MgS0 4 ) and evaporated to give a pale yellow solid 
(760 mg) which was used without further purification. 

Example 8 

(1 R,5S,6S,8R,2'S,4 , S)-2-(2-(1-Carboxy-3-naphthylcart)amoylpyrrolidin-4-ylthio)-^ 
thylcarbapenem-3-carboxyiic acid, (dipotassium salt). 

A solution of (1 R,5S,6S,8R,2'S,4 , S)-2-(1-(4-nitrobenzyloxycaroon^^^ 
moyl)pyrrolidin-4-y1thio)-6-(1 -hydroxyet hyl)-1-methylcarbapenem-3-carboxylic acid dipotassium salt (440 mg, 
0.56 mmol) in water (25 ml) was hydrogenated on palladium/carbon (10%, 200 mg) at atmospheric pressure. 
The reaction was followed by HPLC. After filtering off the catalyst and concentrating the solution, the residue 
was purified by preparative HPLC (Nucleosil C-18), eluting with water/acetonrtrile, to give the title compound 
(142mg,42%). 

NMR: (DMSO-d 6 + AcOD-d4) 6 1.16 (m, 6H); 1.85 (m, 1H); 2.7 (m, 1H); 2.9 (m, 1H); 3.2 (dd, 1H); 3.4 (m, 1H); 
3.47 (dq, 1H); 3.72 (m. 1H); 3.97 (dq. 1H); 4.05 (m, 1H); 4.16 (dd, 1H); 7.5 (m, 2H); 7.89 (m, 1H); 8.32 (m, 1H); 
8.46 (m, 1H); 8.77 (m, 1H). 

(2S,4S)-1-(4-Nitrobenzyloxyrart)on^ 

(2S,4S)-1-(4-Nitrobenzyloxycartx)n^ (1.5 g, 4 mmol) was treated at 

ambient temperature with thionyl chloride (12 ml). The mixture was stirred for 5 hours, thionyl chloride evapo- 
rated and the residue dissolved in dichloromethane/toluene (1:1). The solvent was evaporated and the residual 
oil dried under vacuum for 1 hour and dissolved in dichloromethane (10 ml). This solution was added to a sol- 
ution of 3-amino-1-naphthoic acid (762 mg, 4 mmol) and diisopropylethylamine (1.75 ml, 10 mmol) in dichloro- 
methane (25 ml) at 0°C and stirred for 12 hours at ambient temperature. The solvent was evaporated and the 
residue purified by subjecting to chromatography on a HP20SS column eluting with acetonitrfle/(water + acetic 
acid 1%) using a gradient of acetonitrile to give the title compound (1.5 g, 68.5%). 

NMR (DMSO-de), 100°): 5 2.1 (m, 1H); 2.34 (s, 3H); 2.85 (m, 1H); 3.45 (m, 1H); 3.85-4.3 (m, 2H); 4.57 (dd, 
1H); 5.23 (dd, 2H); 7.4-7.7 (m, 4H); 7.7-8.2 (m, 3H); 8.2-8.5 (m, 2H); 8.65-8.9 (m, 1H). 

Ailyt (1R,5R f 6S,6R,2 , S,4'S)-2-(1-(4-nitrobenzy1oxycarbonyl)-2-(1-cart)o^ 

ylthi )-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate (diisopropylethylamine salt). 

(2S,4SH-(4-Nitobenzy1oxycaj1>onyl)-2-(1^ (537 
g, 1 mmol) in m thanol (25 ml) was treated with 1 M NaOH (2.5 ml, 2.5 mmol) for 1 hour at ambient temperature. 
The reaction mixture was acidified to pH3 at 0° with 6M HCI, evaporated and dried under vacuum for 1 hour. 
Th resulting crude thiol was dissolved in DMF (6 ml) and added to a solution of allyl (1 R,5R,6S,8R)-6-(1-hy- 
droxyethyl)-1-m thyl-2-diph nylphosphoryioxycarbapen m-3-carboxyfate (499 mg, 1 mmol) in DMF (6 ml)-, in 
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the pres nee of diisopropylethyiamine (350 uJ, 2 mmol), tri-n-butytphosphin (250 g t 1 mmol) and water (18 
id, 1 mmol) at ambient temperature and left vernight The product was purified by subjecting to chromatog- 
raphy on a HP20SS column using acetonitrile/water (gradient to acetonitrile) as eluant to give the title com- 
pound (540 mg, 72.5%). 

NMR (DMSO-d 6 ): 6 1.18 (m, 15H); 1.25 (m, 6H); 2.0 (m, 1H); 2.85 (m ( 1H); 3.13 (q, 2H); 3.25 (dd. 1H); 3.4 (m, 
1H); 3.6 (m ( 3H); 3.97 (m, 2H); 4.1-4.3 (m, 2H); 4.4-4.75 (m, 3H); 5.0-5.4 (m ( 4H); 5.87 (m, 1H); 7.4-7.6 (m, 
3H); 7.67 (d ( 1H); 7.8-7.95 (m, 2H); 8.2-8.4 (m, 2H); 8.55 (m ( 1H); 8.8 (m, 1H). 

(1R f 5S,6S,8R t 2 T S,4'S)-2-(1-(4-Nttrobenzy1oxycarfaony1)-2^1-carooxy-3-naphthylca 
lo)-6-(1-hydroxyethyl)-1-methyl carbapenem-3-carboxylic acid (di potassium salt). 

A solution of ally! (1R ( 5S,6S,8R,2'S f 4'S)-2-(1-(4-nitrobenzyloxyc^ 
nrK>yl)pyrrolidin-4-ylthio)-6-(1-hydroxyethy^ diisopropylethyiamine salt 

(540 mg, 0.726 mmol) in anhydrous THF (30 ml) was treated with triphenylphosphine (19 mg, 0.072 mmol) po- 
tassium hexanoate (0.46 M in ethyl acetate), (3.5 ml. 1.6 mmol) and tetrakis(triphenylphosphine)palladium (2.5 
mg, 0.02 mmol) at ambient temperature for 1 hour. The mixture was diluted with ethyl acetate (30 ml), the pre- 
cipitate filtered off and the filtrate washed with ethyl acetate and dried to give the title compound (440 mg, 
78%). 

NMR (DMSO-d e ): 5 1,1-1.3 (m, 6H); 1.95 (m, 1H); 2.85 (m. 1H); 3.2 (dd, 1H); 3.3-3.5 (m, 2H); 3.7 (m, 1H); 3.8- 
4.2 (m ( 3H); 4.55 (m t 1H); 5.2 (dd, 1H); 5.3 (s, 1H); 7.5 (m, 3H); 7.67 (d, 1H); 7.9 (d t 2H); 8.25 (m f 2H); 8.5 (m, 
1H); 8.8 (m f 1H). 

Example 9 

(1 R i 5S,6S,8R,2 , S,4 , S)-2-(2-(2-Cart>oxy-3-naphthyl(^itamoy1)pyrro[idin-4-y^ 
thylcarbapenem-3-carboxyiic acid. 

The title compound was prepared from (1R v 5S t 6S,8R,2'S t 4'S)-2-(1-(4-nitrobenzyloxycarbonyl)-2-(2-car- 
boxy-3-naphthylcart)amoy1)pyrrolidin-4-ylthio^ acid di- 

potassium salt using the method of example 8. 

NMR (DMSO-d 6 + AcOD-d^: S 1.15 (m, 6H); 1.85 (m, 1H); 2.7-2.9 (m, 2H); 3.2 (dd, 1H); 3.4 (dq, 1H); 3.55 (m. 
1H); 3.7 (m, 1H); 3.98 (dq. 1H); 4.15 (m, 2H); 7.4 (m, 1H); 7.52 (m, 1H); 7.8 (d, 1H); 7.92 (d, 1H); 8.62 (s, 1H); 
8.98 (s,1H). 

(2S.4S)-1-(4-Nitrobenzy1oxycarbonyl)-2-(2-carboxy-^ 

The title compound was prepared from 3~amino-2-naphthoic acid using a similar method to that of example 

8. 

NMR (DMSO-d 6 + AcOD-d 4 + TFA-d, 100°): 6 2.0-2.25 (m, 1H); 2.25 (m, 3H); 2.85 (m, 1H); 3.45 (m, 1H); 3.9- 
4.35 (m, 2H); 4.55 (dd, 1H); 5.25 (dd. 2H); 7.35-8.1 (m ( 8H); 8.62 (s, 1H); 8.90 (s, 1H). 

Aflyi (1R,5R,6S,8R t 2 , S,4 , S)-2-(1-(4-nitrobenzy1oxy^ 

ylthio)-6-(1-hydroxyethy1)-1-methylcarbapenem-3-carboxylate, (diisopropylethyiamine salt). 

The title compound was prepared from (2S,4S)-1-nitro-benzyloxy(^rbony1)-2-(2-carboxy-3-naphthylcar- 
bamoyl)pyrrolidin-4-ylthioacetate using a similar method to that of example 8. 

(1R t 5R,6S,8R,2'S,4 , S)-2-(1-(4-Nitrobe 

b)-6-(1-hydroxyethyl)-1-methy1carbapenem-3-carboxylic acid (dipotassium salt). 

Th title compound was prepared from aliyi (1R,5R,6S,8R i 2 , S, 4'S)-2-(1-(4-nitrobenzyloxycarbony1-2-(2- 
carboxy-3-naphthylcai1)arrK>y1)pyrro 

(diisopropyl thy) amine salt) using a similar method to that of example 8. 
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Example 10 

(IR^eS^R^'S^'S^-g^-Methylsulfonyl carbarn 
yethyl)-1-methylcarfaapenenv3-carfaoxyiic acid (Na salt). 

5 

A solution of 4-nttrobenzyi (1R f 5S,6S,8R,2'S,4 , S)-2-(1-(4-nitrob 
carbamoy1-5-thienylcarbamoy1)pyrrolidin^yithio)-6-(1-hydroxyet 

(0.35g t 0.4 mmol) in water (5 ml) and sodium bicarbonate (pH adjusted to 7.5) was hydrogenated at atmospheric 
pressure in presence of Pd/C (10%) (175 n). The reaction was followed by analytical HPLC and took about 60 
10 minutes. The catalyst was filtered off and the aqueous solution concentrated, and purified by preparative HPLC 
(Nucleosil C-18), eluting with water. Freeze drying the appropriate fractions gave the title compound (0.043g, 
19%). 

NMR: (DMSO-de + AcOD-cU): 6 1.15 (2d, 6H); 1.75 (m f 1H); 2.65 (m, 1H); 2.76 (m, 1H); 3.0 (s, 3H); 3.2 (dd, 
1H); 3.34-3.48 (m ( 2H); 3.64 (m, 1H); 3.92-4.04 (m, 2H); 4.16 (dd. 1H); 6.79 (d, 1H); 7.43 (d, 1H). 
is The starting material was prepared as follows: 

5-Nitro-2-thk>phenecarboxy1ic acid 

V 

2-Thiophenecarboxylic acid (6.4 g, 50 mM) was suspended in acetic anhydride (15 ml) and fuming nitric 
20 acid (16 ml) in glacial acetic acid (25 ml) added slowly over 1 hour with stirring, while keeping the temperature 
of the reaction mixture below 30°C. The reaction mixture was stirred at ambient temperature for 2 hours. The 
product was purified by subjecting to chromatography (470 ml) on HP20SS resin using methanol/(water + 1% 
acetic acid): as eluant The pure title compound was obtained together with a mixture of 4- and 5-nrtrothio 
phene-2-carboxyl ic acid. 
25 NMR (CDCI 3 ): 5 7.65 (d t 1 H); 7.88 (d, 1 H). 

Ally! 5-Nitro-2-thiophenecarboxylate 

To a solution of 5-nitro-2-thiophenecarboxylic acid (20 g ( 0.11 mol) in DMF (140 ml) were added sequen- 
30 tially ally! bromide (40 ml, 0.46 mol) and triethylamine (64 ml, 0.46 mol) with cooling to maintain the temperature 
of the reaction mixture below 30°C. After addition of the reagents, the reaction mixture was stirred for 3 hours 
at ambient temperature and then diluted with ethyl acetate; The solid which precipitated was filtered off, the 
filtrate washed with water, washed with saturated aqueous solution of sodium chloride, dried over MgS0 4 and 
concentrated. The residue was purified by chromatography on silica gel using a mixture of CH 2 CI 2 - petroleum 
35 ether (3:7) as eluent to give the title compound as a white solid (8.8 g, 38%). 

NMR (CDCI3): 8 4.84 (d, 2H); 5.36-5.45 (m, 2H); 6.00 (m, 1H); 7.71 (d, 1H); 7.88 (d, 1H). 

Ally! 5-amino-2-thiophenecarboxylate 

<o To a solution of ally! 5-nitro-2-thiophenecarboxyfate (3.2 g, 15 mmol) in concentrated hydrogen chloride 

(35 ml) were added under cooling SnCI 2 .H 2 0 (1 0. 1 g, 45 mmol). The mixture was stirred for 3.5 hours at ambient 
temperature, diluted with ethyl acetate and bas'rfied to pH 10 with 5N NaOH. The organic layer was washed 
with water and a saturated aqueous solution of sodium chloride, dried over MgS0 4 and concentrated. The re- 
sidue was purified by chromatography on silica gel using a mixture of ethyl acetate and petroleum ether (3:7) 

45 to give the title compound as a yellow oil (1.94 g, 72%). 

NMR (CDCI3): 6 4.34 (br s, 2H); 4.73 (d, 2H); 5.23 (d, 1H); 5.36 (d, 1H); 5.99 (m, 1H); 6.09 (d, 1H); 7.48 (d, 
1H). 

(2S,4SH-(4-Nitrobenzyloxycart>ony1)-2-(2^^ 

50 

To a solution of (2S,4S)^acetyithio-2^rt>oxy-1-(4-n^ (3.79 g, 10.3 

mmol) in CH 2 Ct 2 (12 ml) were added thionyi chloride (3.75 ml, 51.5 mmol) and DMF (0.055 ml). The mixture 
was stirred for 16 hoars at ambient temperature, concentrated and the residual oil taken up in CHjCl^toluen 
and reevaporated. The residue, was dried under vacuum and solubflised in CH 2 Ct 2 (25 ml). To this solution 
55 cooled to 0°C was added N-diisopropyiethylamine (2.05 ml, 11.8 mmol) and a solution of ally! 5-amino-2-thio- 
phenecarboxylate (1.9 g t 10.3 mmol). After 15 minutes at ambient temperature, the solvent was evaporated 
and th residue taken up in a mixture of water and ethyl acetat . The organic layer was dried over MgS0 4 and 
evaporated to dryness. The residu was purified by chromatography on silica g I using a mixture of CH2CI2- 
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ther (9:1) to giv the trU compound as a yellow foam (4.68 g, 85%). 
NMR (DMSO-d« + AcOD-dU): 6 2.33 (s, 3H); 2.80 (m, 1H); 3.38 (m, 1H); 4.00-4.15 (m ( 2H); 4.52 (m, 2H); 4.77 
(d, 2H); 5.02-5.42 (m ( 4H); 6.00 (m, 1H); 6.77 (m t 1H); 7.45 (m, 1H); 7.60-7.68 (m, 2H); 7.95 (m, 1H); 8.23 (m, 
1H). 

(2S t 4SH-(4-Nitrobenzy1oxycartK)n^ 

A solution of (2S,4S)-1-(4-nitrobenzyloxycart)onyI)-2-(2-al!yloxycarbonyi-5-thienylcarb 
yithtoacetate (5.33 g, 10 mmol) in CH 2 CI 2 (15 ml) and ethyl acetate (15 ml) was treated with P(Ph) 3 (0.26 g, 1 
mmol), potassium 2-ethylbenzoate (0.47M in ethyl acetate, 23.4 ml, 11 mmol) and Pd(PPh 3 ) 4 (0.25 g) at am- 
bient temperature. The reaction was followed by HPLC. After 3 hours, the mixture was diluted with ethyl acet- 
ate, the precipitate filtered, washed with ether and dried. This solid was dissolved in water, acidified with HCI 
(2N), and the free acid extracted with ethyl acetate, dried over MgS0 4 and the solvent evaporated to give title 
compound (4.95 g, 100%). 

NMR: (DMSO-de+ CFsCC^D): 5 1.95 (m, 1H); 2.33 (s, 3H); 2.78 (m, 1H); 3.38 (m, 1H); 3.98-4.1 (m, 2H); 4.52 
(m, 1H); 5.03-5.33 (m, 2H); 6.72-6.7G-7.52-7.54 (4d, 2H); 7.46-8.25 (4d, 4H). 

(2S,4SH-(4-Nifrobenzyloxycarix)nyl)-2-(2-^ 
ioaoetate. 

A solution of (2S,4S)-1-(4-nitrobenzyloxycar1>onyl)-2-(2-c^ 
cetate (0.75 g, 1.52 mmol) in CH 2 CI 2 (25 ml) was treated with oxalyl chloride (0.27 ml, 3.08 mmol) and DMF 
(20 mg). The mixture was stirred for 2 hours, evaporated, dissolved in a mixture of CH 2 CI 2 : toluene 1 :1 (1 0 ml) 
and evaporated. The residual oil was dried for 1 hour under vacuum and solubilized in anhydrous THF (2.5 
ml). This solution was added to a solution of met hyf sulfonamide (0.15 g, 1.58 mmol), diisopropylethylamine 
(0.3 ml, 1.84 mmol) and 4-dimethylaminopyridine (0.03 g, 0.246 mmol) in anhydrous THF (5 ml) under argon. 
The mixture was heated at 80°C for 2 hours and the solvent evaporated. The residue was purified by flash 
silica gel chromatography eluting with CH 2 CJ 2 : methanol (90:10) to give title compound (0.49 g, 57%). 
NMR (DMSO-d 6 + CF 3 C0 2 D): 8 1.95 (m, 1H); 2.33 (s, 3H); 2.78 (m, 1H); 3.28-3.43 (m. 4H); 3.98-4.1 (m, 2H); 
4.52 (m, 1H); 5.03-5.33 (m, 2H); 6.72-6.76-7.89-7.91 (4d, 2H); 7.45-8.24 (4d, 4H). 

(2S,4SH-(4-Nitrobenzyloxy(artx)nyi)-2-(2-meth 

(2S,4S)-1-(4-NitrobenzyloxycaitK>nyl)-2-(2-meth^ 
Ithioacetate (0.475 g, 0.833 mmol) was solubilized in CH 2 CI 2 (5 ml) and dry ethanol (10 ml) and treated with 
a solution of methytamine (4.24 mmol) in ethanol. The progress of the reaction was monitored by tic. After 1 
hour, the soluent was evaporated to give title compound. 

4-Nitrobenzyl (1R,5S,6S l 8R.2 , S,4'S)-2-(1-(4-nitrobe 
nylcart>anrK)yl)pyrrolidir*4-ylthio)-6^ 

A solution of 4-nitrobenzyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoryloxycarba- 
penem-3-carboxyiate (0.4g, 0.673 mmol) in DMF (5 ml) under argon was treated with the (2S,4S)-1-(4-nitro- 
benzytoxycartx>nyl)-2-(2-methytsulfony^ from the previous 

step, diisopropylethylamine (0.1 5 ml, 0.92 mmol), tri butyl phosphine (0.035 ml, 0.14 mmol) and water (1 0 uJ, .55 
mmol), for 2 hours at ambient temperature. The mixture was then purified by subjecting to chromatography on 
a HP20SS column, eluting with a gradient of acetonitrile, water to give title compound (0.4 g). 
NMR: (DMSO-d e + AcOD-<U): 8 1.20 (t, 15H); 1.26 (2d. 6H); 1.93 (m. 1H); 2.81 (m, 1H); 3.02 (d, 3H); 3.15 (q, 
2H); 3.31 (m, 1H); 3.37 (m, 1H); 3.54-3.6 (m, 3H); 3.92-4.06 (m, 2H); 4.11-4.33 (m, 2H); 4.50 (m, 1H); 5.05- 
5.46 (m, 4H); 6.60-8.30 (m, 10H). 

Exampl 11 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2-Cyanoc^ 
1-methylcarbapenem-3-carboxylic acid (Na salt). 

The title compound was prepared by removing the 4-nitrobenzyl protecting groups from 4-nitrobenzyl 
(1R,5S,6S,8R^S,4'S)-2-(1-(4-nitro^ 
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-6-<1 -hydroxy thyl)-1-methy1caitoapenem-3-cart>oxy1ate using a similar method to that described in example 
10. 

NMR; (DMSO-de+ AcOD-<U): 5 1.18 (2d, 6H); 1.75 (m, 1H); 2.63 (m, 1H); 2.79 (m f 1H); 3.20 (dd, 1H); 3.32- 
3.45 (m, 2H); 3.65 (m, 1H); 3.90-4.03 (m, 2H); 4.18 (dd, 1H); 6.61 (d, 1H); 7.21 (d, 1H). 
The starting materia] was prepared as follows: 

(2S,4SH-(4-Nitrobenzytoxycart>onyl)-2-^ 

The title compound was prepared from (2S,4S)-1-(4-nitrobenzy1oxycttrt>ony1)-2-(2-OT 
bony1)pyrrolidin-4-ylthioacetate by reacting with cyan amide using a similar method to that described in exam- 
ple 10 for the reaction of the aforementioned pyrrolidine compound with methanesulphonamide. 
NMR; (DMSO-d 6 +TFAd): 6 1.95 (m, 1H); 2.33 (s, 3H); 2.79 (m ( 1H); 3.39 (m, 1H); 3.95-4.18 (m, 2H); 4.56 (m, 
1H); 5.02-5.35 (m, 2H); 6.78-6.85-7.79-7.84 (4d. 2H); 7.46-7.68-7.96-8.25 (4d, 4H). 

4-Nitrobenzyl(1R,5R,6S > 8R,2 , S,4 , S)-2-(1-(^^ 

iTK)yl)pyrrolidin-4-ylthio)-6-(1-hydroxy^ (diisopropyiethyiamine 
salt). 

The title compound was prepared by converting the thioacetate to the thiol and reacting with 4-nitrobenzyi 
(1R,5R,6S ( 8R>-6-(1-hydroxyethyi)-1-methyi-2-diphenylphosphoryloxycarbapenem-3-carboxylate using a 
similar method to the described in example 10. 

NMR; (DMSO-d 6 + ACOH-d 4 ): 5 1.18 (m, 15H); 1.26 (2d, 6H); 1.88 (m, 1H); 2.78 (m, 1H); 3.15 (q, 2H); 3.31 (m, 
1H); 3.37 (m, 1H); 3.54-3.66 (m, 3H); 3.92-4.06 (m, 2H); 4.11-4.33 (m, 2H); 4.50 (m, 1H); 5.05-5.46 (m, 4H); 
6.6-8.3 (m, 1 0H). 

Example 12 

(1R t 5S,6S,8R,2 , S,4 , S)-2-(2-(3-Phenylsulfbnylcarbarnoylphenylcarbamoyl)py^ 
thyl)-1-methylcarbapenem-3-carboxylic acid. 

A solution of 4-nitrobenzyl (1R,5S f 6S,8R t 2 , S i 4 , S)-2-(2-(3-phenylsulfonylcarbarrK)ylphenylcarbamoyl)-1^ 
(4-nitrobenzy1oxycartx>nyi)pyrroltf^ (930 
mg, 1.0 mM) in EtOAc (40 ml) was added to a suspension of 10% palladium on charcoal (150 mg) in water (30 
ml) containing sodium hydrogen carbonate (84 mg, 1.0 mM). The resulting suspension was stirred in an at- 
mosphere of hydrogen for 2 hours. The catalyst was removed by filtration through a Whatman No.50 paper. 
The aqueous layer was separated and partially evaporated (high vacuum & solid carbon dioxide condenser). 
The concentrated aqueous layer was freeze-dried overnight to give the crude title compound (550 mg) which 
was dissolved in a little water, sodium hydrogen carbonate (250 mg) was added, and the solution passed down 
a column of Diaion HP20SS resin (300 x 30 mm), eluting with water, then water/acetonitrile. Fractions contain- 
ing the required product were combined and freeze-dried overnight to give the title compound (150 mg), which 
contained a little diphenylphosphoric acid. 

NMR; DMSOde/CD 3 OD 1.18-1.25 (2d, 6H); 1.95 (m, 1H); 2.87 (m, 1H); 3.17 (dd, 1H); 3.23 (dd, 1H); 3.47 (quin- 
tet. 1H); 3.68 (m, 1H); 3.91 (t. 1H); 4.01 (t. 1H); 4.20 (dd, 1H); 4.35 (t, 1H); 7.41-7.52 (m, 3H); 7.66(dd, 1H); 
7.78 (dd, 1H); 7.90 (dd, 2H); 8.22 (t, 1H). 
MS: FAB M + 659 (di Na salt), 637 (mono Na salt). 
The starting material was prepared as follows:- 

3-Amino-N-phenylsulfonylbenzamide 

A solution of 3-nitro-N-phenylsulfonylbenzamide (2.6 g, 8.5 mM) in acetic acid (100 ml) containing 10% 
palladium n charcoal (0.5 g) was stirred under an atmosph re of hydrogen at ambient temperature and at- 
mospheric pressure, for 15 mins. The catalyst was filtered through a Whatman No 50 filter paper and the filtrate 
evaporat d. Th resulting oil was dissolved in absolute ethanol (100ml) and acidified with concentrated hy- 
drochloric acid. Th crystalline solid which came out overnight was collected and washed with EtOH giving 3- 
Amino-N-ph nylsulfonylbenzamide hydrochlorid as pale pink crystals (2.1 g). 
Anal. Fd. C 50.2; H 4.3; N 8.8. Req. C 49.9; H 4.2; N 9.0. 
NMR (DMSO-d e ): 5 7.47 (m, 2H); 7.6-7.76 (m, 5H); 8.0 (dt, 1H). 
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(2S,4S)-4-Acety1thio-1-(4-nitrobenzyloxyca^ 
dine. 

DMsopropyiethylamine (2.0 ml) followed by ch I orotrim ethyls Dane (0.73 ml) was added to a stirred solution 
of 3-amino-N-phenylsulfonylbenzamide hydrochloride (1 .8 g, 5.7 mM) in THF (distilled from CaH 2 ; 25 ml) under 
an argon atmosphere. The solution was allowed to stand for 30 minutes then cooled to -10 C. Meanwhile 4- 
acetylthio-1-(4-nitrobenzyloxycartony1)-2-carboxypyrrolidine (1.84 g t 5 mM) dissolved in tetrahydrofuran (25 
ml) was treated with N-methylmorpholine (1 .1 ml, 10 mM). This solution was cooled to -15°C with stirring under 
an argon atmosphere, and treated with isobutyt chloroformate (0.66 ml, 5 mM) in one portion. After 20 minutes, 
this solution was added to the solution of the trimethylsilyl derivative of the aniline (prepared above). When 
the addition was complete, the mixture was stirred for 15 minutes and the solvent evaporated. The residue 
was partitioned between ethyl acetate (200 ml) and 1M aqueous hydrochloric acid (100 ml). The ethyl acetate 
layer was washed with hydrochloric acid, brine and dried giving (2S,4S)-4-acetylthio-1-(4-nitrobenzyloxycar- 
bonyl)-2-(3-phenylsulfonylcarbamoyf phenylcarbamoyl)pyrrolidine as a gum which was crystallised from EtOH 
(2-3 g). 

NMR (DMSO-d 6 ): 1.93 (m, 1H); 2.31 (s, 3H); 2.80 (m, 1H); 3.33 (m, 2H); 4.05 (m, 2H); 4.46 (m f 1H); 5.05-5.30 
(m, 2H); 7.35-8.30 (complex pattern of doublets and multiplets, 9H). 

4-Nitrobenzyl-(1R t 5S,6S,8R.2'S,4'S)-2-(2-(3-phenylsulfon 
ycart>onyl)pyrrcHidin-4-ylthio)-6-(1-hydroxyet^ 

The method was the same as in example 6 except that (2S,4S)-4-acetylthio-1-(4-nitrobenyloxycarbonyl- 
2-(3-phenylsulfonylcarbamoylphenylcarbamoyl)pyrrolidine (0.94 g, 1 .5 mM) was used. The crude product (1 .9 
g) was subjected to chromatography on silica gel (Merck 9385, column 40 mm diameter filled to a depth of 120 
mm), eluting with a gradient of dichloromethane and methanol. Fractions containing the required product were 
combined and evaporated giving the title compound as a white solid (1 g). 

NMR (CD 3 COOD-DMSO-d e ): 1.17 (m, 6H), 1.90 (m, 1H), 2.80 (m, 1H); 3.26 (dd, 1H); 3.34 (m, 1H); 3.48-3.61 
(m, 1H); 3.85-4.20 (m, 3H); 4.25 (broad d, 1H); 4.42 (m ( 1H); 5.13 (dd, 2H); 5.32 (dd, 2H); 7.21-8.22 (complex 
pattern of doublets, double doublets and multiplets, 17H). 



Claims 

1. A compound of the formula (I): 




or a pharmaceutical^ acceptable salt or in yjyo hydrolysable ester thereof wherein: 

R 1 is 1-hydroxyethyl, 1-fluoroethyl or hydroxymethyl; 

R 2 is hydrogen or Chalky! ; 

R 3 is hydrogen or Chalky); 

P is of the formula (I A), (IB) or (IC) 
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(IA) (IB) (IC) 

and the formula (IB) the naphthyi group may be bonded to the nitrogen of the linking carbamoyl group 
at either ring; 

Z is carboxy, sulfonic acid, sulf inic acid, C^alkanamidosulfonyl (-S0 2 NHCOC 1 ^alkyl), benzamidosuffo- 
nyt, C^alkylsulfonylcarbamoyl (-CONHS0 2 C 1 ^ i alkyl) ( phenylsulfonyicarbamoyl, C^alkoxycarbamoyl, 
hydroxycarbamoy), sulfoamino, N-C^alkanesulfonamido, cyano carbamoyl, cyanosulfamoyl, tetrazol-5- 
yl, 3- hydroxy isoxazol-4-yl and 3-hydroxyisoxazol-5-yl; 

and P is optionally further substituted by one ortwosubstituents selected from halo, cyano, C^alkyl, nitro, 
hydroxy, carboxy, C^alkoxy, trifluoromethyt, C^alkoxycarbonyl, amino, C^alkylamino, di-C w alky1a- 
mino, sulfonic acid, C lMi aiky(S(0) n - (wherein n is 0-2), C^alkanoytamino, C^alkanoylfN-C^alkyOamino, 
carbamoyl, C^alkyicarbamoyi and dhC^alkylcarbamoyt; 

provided that when P is a ring of the formula (IA) or (IC) and Z is either sulfonic acid or N-C^alkanesul- 
fonamido, the ring is not substituted by carboxy; and when P is of the formula (IA) or (IC), Z is not carboxy. 

A compound according to claim 1 wherein R 1 is 1-hydroxyethyl and R 2 is methyl. 

A compound according to either claim 1 or claim 2 of the formula (IV): 




(IV) 



wherein P, R 3 , and optional substituents on P are as defined in claim 1. 

A compound according to claim 3 wherein substituent Z on ring P is sulfonic acid, tetrazol-5-yl, d^alkyl- 
sulfbnylcarbamoyl, phenylsulfonyicarbamoyl or cyanocarbamoyi. 

A compound according to claim 3 wherein optional substituents on P are selected from halo, cyano, Chal- 
ky!, nitro, hydroxy, C^alkoxy, carbamoyl, amino and trifluoromethyl. 

A compound according to claim 1 which is 
(1R,5S,6S,8R t 2 , S,4'S)-2-(2-(3-sulfophenylcarbamoy1)pyrrolid^ 
penem-3-carboxylic acid; 

(1R,5S,6S,8R,2 , S f 4 , S)-2K2-(3-methylsulfonylcarbamoylphenylca 

ethy))-1-methylcarbapenem-3-carboxylic acid; 

(1 R,5S,6S,8R,2'S,4'S)-2-(2-(2-(3-1 H-tetrazoJ-5-yl)phenylcart« 

1-m thylcarbapenem-3-carboxylic ackJ; 

(1R,5S,6S f 8R f 2*S ( 4 , S)-2^2-(2-hydroxy-5-su1fophen^ 

methylcarbap nem-3-carboxylic acid; 

(1R t 5S,6S,8R f 2 , S ( 4'S)-2-(2^2Hrnethoxy-5^ethyl^sulfophenylca^ 
ethyt)-1-methylcarbapen m-3-carboxylic ackJ; 
(1R,5S,6S,8R^ , S f 4 , S)-2-(2^3-phenylsulfonylc^amoylphenylca^ 

thyi)-1-methy1carbapenem-3-carboxylic acid; 
(1 R, 5S,6S,8R^S,4 , S)-2^2^2HrnethylsuHbnyk»^ 
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ethyl)-1-m thylcarbapenem-3-carboxylic acid; 
(1K5S,6S,8FC2'S,4'S>-2-(2-(2<^rKra 
1-methytcarbapenem-3-carboxylic acid; 

(1R,5S # 6S f 8R f 2 , S,4'S)-2H2^2-sulf6-5-thienyl<»rbamoyl)pyrrolid 
carbapenem-3-carboxylic acid; 
(1 R,5S ( 6S i 8R,2S t 4 , S>-2^2-(1 -cartxixy-3-napht hyl(2rt^ 
carbapenem-3-carboxylic acid; 

(1R,5S,6S t 8f^S ( 4 , S>-2^2^2^^xy-3-naphthylcarbanK^ 
carbapenem-3-carboxylic acid; 

(1R,5S f 6S3fW , S,4'S)-2K2^2-suifbphenylcarbarTK>yl)pyrro!W 
penem-3-carboxylic acid; or 

(1 R,5S ( 6S,8K2'S,4'S)-2-{2-{2-hydroxy-4-sulfo-1 -napht hylcarfoamoyl)pyrrolidin-4-y1thio)-6-(1 -hydroxyet hyi)- 

1 -met hylcarbapenem-3-carboxy lie acid; 

and pharmaceutically acceptable salts thereof. 

A pharmaceutical composition which comprises a compound according to any one of claims 1 to 6 and a 
pharmaceutically acceptable carrier. 

A process for preparing a compound according to claim 1 which comprises deprotecting a compound of 
the formula (V): 




wherein R 2 is as defined in claim 1 ; R 10 is a group R 3 (as defined in claim 1 ) or an amino protecting group; 
R13 is a group R 1 (as defined in claim 1), protected hydroxymethyl or 1 -(protected hydroxy)ethy1; R 11 is 
hydrogen or a carboxy protecting group; R 12 is hydrogen or an amino protecting group: 
P' is of the formula (ID), (IE) or (IF) 




(ID) (IE) (IF) 

and in formula (IE) the naphthyl group may be bonded to the nitrogen of the linking carbamoyl group at 
either ring; 

R 18 is a group Z or a protected Z group and wherein any optional substituent on P 1 is as defined in claim 
1 and is optionally protected; 

and wherein at least one protecting group is present; and thereinafter if necessary; 

(i) forming a pharmaceutically acceptable salt, 

(ii) esterifying to form an in vivo hydrolysable ster. 

A process for preparing a compound according to claim 1 or a compound of the formula (V) as defined 
in claim 8 which comprises: 

a) r acting compounds of the formula (VI) and (VII): 
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(VII) 



wherein P\ R 2 , R 10 , R 11 f R 12 and R 13 are as defined in claim 8, optional substituents on P 1 are as defined 

in claim 8 and L is a leaving group, or 

b) cyclising a compound of the formula (VIII): 




wherein P 1 , R 2 R 10 , R 11 , R 12 and R 13 are as defined in claim 8 f optional substituents on P 1 are as defined 
in claim 8 and R 1 \ R 16 and R 16 are independently selected from C^alkoxy, aryloxy, di-C 1 _ 6 alkylamino 
and diarylamino or any two of R 14 -R 16 represent o-phenylenedioxy or one of R 14 -R 16 is C^alkyl, allyl, 
benzyl or phenyl and the other two values are independently selected from C^alkyl, trifluoromethyi 
or phenyl, wherein any phenyl group is optionally substituted with C^alkyl or C^alkoxy; and wherein 
any functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ti) forming a pharmaceutical^ acceptable salt; 

(iii) esterif ying to form an in vivo hydrolysable ester. 

A compound of the formula (IV) as defined in claim 8, of the formula (VII) or (VIII) as defined in claim 9, 
or of the formula (IX), (XII) or (XIV): 




(IX) 
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(XIV) 



wherein P 1 , R 2 , R 10 -R ia and R 17 are as defined in claim 8 and R 17 is a protecting group. 
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